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® A planar self-aligned field effect transistor integrated 
circuit structure comprising a patttem of narrow dimen- 
sioned dielectric regions (26) on a body (2), and a gate 
dielectric layer (28) on said body, and between certain of said 
dielectric regions (26). 

PN junction regions (19) within said body (2) and in close 
proximity to and associated with the channel under said gate 
dielectric layer (28) form drain and source of the field effect 
transistors. 

Doped polycrystalline silicon gate electrodes (30) on the 
surface of said gate dielectric layer (28) are arranged 
between certain of said narrow dimensioned regions (26), 

Metal electrical contacts (34) to source and drain regions 
(19) fill the spaces between the remaining narrow dimen- 
sioned regions (26). The contacts (34) are self-aligned to said 
narrow dimensioned regions (26) and substantially planar 
with the tops of said regions. 
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graphy", published in the "Computer", Vol. 9, No. 2, Feb- 
ruary 1976, pp, 31 through 37. In that publication the 
substantial equipment costs and complexities of X-ray and 
electron beam lithography are described. 

5 

There have been alternative efforts to obtain narrow line 
widths and separations in the range of one micrometer or 
less by extending standard photolithography techniques and 
avoiding the need for the more expensive and complex tech- 

10 niques, such as electron beam or X-ray lithography. One 

such technique is described by H. B. Pogge in IBM Technical 
Disclosure Bulletin, November 1976, Vol. No. 6, entitled 
"Narrow Line Widths Masking Method". This method involves 
the use of a porous silicon followed by oxidation of porous 

15 silicon. Another technique is described by S. A. Abbas, et 
al, IBM Technical Disclosure Bulletin Vol, 20, No. 4, 
September 1977, pp. 1376 through 1378. This TDB describes 
the use of polycrystalline silicon masking layers which are 
made into masks by first using an inteannediate mask of 

20 oxidation blocking material, such as silicon nitride in the 
formation of the polycrystalline silicon. Line dimensions 
below about two micrometers may be obtained by this tech- 
nique. T. N. Jackson, et al, described "A Novel Sub-micron 
Fabrication Technique" in the March 1980 publication "Semi- 

25 conductor International", pp. 77 through 83. This method 
.for producing suhmicron line widths and devices does not 
require electron beam lithography but used a selective edge 
plating technique. The U.K. Patent 2,003,660 published 
March 14, 1979 describes a method for depositing an area of 

30 metal, for example metal on a substrate and forming narrow 
metal stripes by using a unidirectional plasma etching 
technique. K. H. Nicholas, U.S. 4,083,098 describes a 
method of making a plurality of closely spaced, but air 
isolated, conductive layers on an insulated substrate. He 

35 suggests no ohmic connections to the silicon body under the 
insulator supporting his conductive layers. The above 
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doped polycrystalline silicon as conductive layers such as 
shown in R. c. Wang, ir.S. 3,750,268, issued August 7, 1973 
and R. T. Simko, et al U.S. 3,984,822, issued October 5, 
1976. However, as the density of devices has increased, 
5 there still remain problems involving isolation between 
devices, conductivity particularly at the first level of 
metallurgy contacting the semiconductor devices, and align- 
ment of the levels of metallurgy to the device elements in 
the semiconductor integrated circuit. 

10 

In the usual methods for forming double polycrystalline 
silicon multilayer structures, silicon dioxide is used as 
the insulator between the layers. The silicon dioxide 
thickness between two polycrystalline layers is normally 
15 directly related to the thickness of the silicon gate oxide 
where a FET type device is being made. The usual thermal 
oxidation techniques are used to form the silicon dioxide 
layer , 



20 The invention as claimed solves the problem of how to de- 
sign and form an insulator of any desired thickness between 
the conductive layers, which are polycrystalline silicon for 
the gate electrodes and metal for other purposes, and, in 
particular, on the vertical regions between the layers' of 

25 conductive material which are the electrical contacts to 
elements of field effect transistor integrated circuits. 

The method for forming FET integrated circuits having a 
pattern of narrow dimensioned dielectric regions on the body 

30 of a monocrystalline semiconductor, preferably silicon, 
involves providing the silicon body and forming a first 
insulating layer on a major surface of the body. A highly 
doped polycrystalline silicon layer and a silicon nitride 
layer are then successively formed on the first insulating 

35 layer. Openings in the silicon nitride and polycrystalline 
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removed in areas away from the FET areas. A conductive 
layer of one or more wide variety of possible materials is 
now is now deposited using a lift-off mask upon the narrow 
dimensioned regions and on the silicon body to make contact 
5 to source/drain PlJ regions. Where the conductive layer is 
formed upon bare silicon, ohmic contacts can be formed 
thereto. A plastic material, such as a polyimide or photo- 
resist, is deposited over this conductive layer to planarize 
the surface thereof. The structure is then placed in a 

10 reactive ion etching ambient where the conductive layer is 
uniformly etched together with the plastic layer ujitil the 
tops of the narrow dimensioned regions are reached. The 
remaining plastic material is then removed to thereby form 
the substantially planar conductive layer with narrow 

15 dimensioned dielectric isolation separating portions of the 
conductive layer from other portions of the conductive layer 
and the polycrystalline silicon gate electrode. 

The method can be used to form a variety of field effect 
20 transistor products. These structures are formed by appro- 
priate modifications of the method described in the pre- 
ceding paragraph to form suitable PN junctions, gate dielec- 
tric and electrode structures, PN contact regions, together 
with openings to the semiconductor body which have these 
25 elements formed therein. Logic and memory field effect 

transistor integrated circuits may be formed according to 
these methods to provide the beneficial results of high 
density with suitable conductivity of the metallurgy layers 
and good planarity, with its attendant yield and reliability. 

30 

The method may be adapted to form a short channel field 
effect transistor integrated circuit. This structure 
includes a silicon body having a pattern of narrow dimen- 
sioned dielectric regions on a major surface of said body. 
35 A gate dielectric layer is located on the major surface 

between certain portions of the narrow dimensioned regions. 
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used to form a very dense field effect transistor integrated 
circuit structure. A near- intrinsic P- substrate 2 having a 
resistivity of 20 to 100 ohm-cm is a preferred substrate for 
the process. P type substrate of monocrystalline silicon 
5 svibstrate having a 10-20 ohm-cm resistivity may alternative- 
ly be the basic foundation structure for the process. P+ 
substrates with low doped P epitaxy can also be utilized. 

The first series of method steps involve the formation of 

10 isolation means for isolating regions of monocrystalline 
silicon from other regions of monocrystalline silicon in 
substrate 2. The isolation may preferably be partial 
dielectric isolation using materials such as silicon di- 
oxide, glass, etc. The preferred pattern of partial di- 

15 electric isolation 10 define monocrystalline silicon surface 
regions wherein field effect devices will ultimately be 
formed. Underneath the dielectric isolation is a P ion 
implantation region 8 to prevent surface leakage at the 
interface between the sxjbstrate and the dielectric iso- 

20 lation- There are many ways in the art to form dielectric 
isolation regions of this type. It is preferred to use the 
processs described in the Magdo et al patent application 
serial number 150,609, filed June 7, 1971, or Peltzer U.S. 
Patent 3,648,129. Alternatively, the process described in 

25 the J. A. Bondur et al U.S. patent 4,104,086 can be used; 
In the above patent application and patents the processes 
for forming partial dielectric isolation regions 10 are 
described in detail. However, the process briefly involves 
forming silicon dioxide layer 4 on the silicon body 2. A 

30 layer of silicon nitride 6 is formed thereover. The layers 
4 , 6 are removed by conventional lithography in areas 
designated to have dielectric isolation. The silicon body 2 
is etched using the remaining layers 4, 6 as a mask. P 
region 8 is formed by ion implantation using boron as the 

35 impurity to form the FIGURE 1 structure. The structure is 
placed in an oxidizing ambient until the silicon dioxide 
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too low, planarization and the breaking of the metal is more 
difficult to achieve. The polycrystalline silicon layer is 
doped N+ type either in situ during deposition of the poly- 
crystalline silicon layer or through ion implantation of an 
N+ type impurity subsequent to deposition of the polycry- 
stalline silicon layer. Phosphorus is a suitable impurity 
for this doping. The polycrystalline silicon layer makes 
contact to the silicon body 2 in areas void of the first 
insulating layer 11, 12. A silicon nitride layer 20 which 
may be, for example, about 50 nm in thickness is deposited 
by chemical vapor deposition according to the following 
conditions: by decomposing SiH^ and at 800° to produce 
the FIGURE 4 structiire. Other suitable insulating layers or 
combination of layers can be substituted for the silicon 
nitride . 

Standard photolithography and etching techniques may be 
utilized to form openings in this silicon nitride layer 20 
over the areas designated to be gate regions of the inte- 
grated circuit. Dsing this silicon nitride mask the struc- 
ture is placed in a reactive ion or plasma etching environ- 
ment for a polycrystalline silicon having typically the 
conditions as follows: for example, CP^/Argon, Cl^/Argon or 
CCl^/Argon, SF^ or SF^ +"ci2., RF parallel plate structure, 
about 10 microns pressure, 0.16 watts/cm^ power density and 
lOcc/min. flow rate and using the- apparatus described in the 
Harvilchuck, et al patent application serial number 594,413 
filed July 9, 1975 and continuation patent application 
serial number .822,775 filed August 8, 1977. The reactive 
ion etching process is completed when it reaches the mono- 
crystalline silicon body 2. The resulting structure has 
horizontal surfaces and vertical surfaces. 

A conformal layer 26 is deposited on both the substantially 
horizontal surfaces and the substantially vertical surfaces 

FI 980 027 
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The structure of FIGURE 6 is now subjected to thermal oxi- 
dation ambient so as to form the silicon dioxide gate di- 
electric. The thickness of the gate dielectric may be 
between about 20 to 50 nm, and preferably is approximately 
5 45 nm. 

A second layer of N+ doped polycrystalline silicon 30 is 
formed by a procedure similar to that described above over 
the entire major surface of the structure, as shown in 

10 FIGURE 7. The N+ doping may be done in situ or by phosphorus 
ion implantation following the polycrystalline silicon 
deposition. A photoresist or polyimide layer 31 is blanket 
deposited over the N+ polycrystalline silicon layer 30. The 
structure is placed in a reactive ion etching ambient which 

15 has a similar etch rate between the photoresist 31 chosen 

and the N+ polycrystalline silicon 30. The blanket reactive 
ion etching continues until the silicon nitride layer 20 is 
reached leaving the polycrystalline silicon 30 only in the 
designated gate electrode areas, as shown in FIGURE 8. 

20 After forming patterns in polycrystalline silicon 30, silicon 
dioxide layer 32 of approximately 40 nm in thickness is 
grown on the surface of the second polycrystalline silicon 
gate electrode areas 30 to produce the structure of FIGURE 
8. The silicon nitride layer 20 is removed by hot phosphoric 

25 acid H^PO^. The structure is placed in a reactive ion 

etching ambient for polycrystalline silicon to remove the 
remaining first polycrystalline silicon layer 18 and to 
produce the structtire shown in FIGURE 9, Using a non- 
critical mask, portions of the silicon dioxide 32 and 26 are 

30 removed in areas away from the FET areas. 

Using a suitable lift-off mask, a metal layer 34 is de- 
posited over the narrow dimensioned dielectric regions 26, 
gate electrode regions 30, 32 and areas therebetween so that 
35 in the areas between the narrow dimensioned dielectric 
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percent coverage of diffusions and gate regions is obtained. 
FIGURE 12 shows a metal pattern contacting the N+ poly- 
crystalline silicon pattern 30 at its sides. The metal 
contact is done in a region where the silicon dioxide layer 
5 32 covering the polycrystalline silicon pattern 30 was 

removed earlier using a non-critical mask. Alternatively, 
the polycrystalline silicon patterns 32 can be contacted by 
a higher level metallization pattern through a contact hole 
in silicon dioxide 32. 

10 

Referring now more particularly to FIGURES 13 through 20, a 
second method embodiment is described. The process for 
forming the recessed dielectric isolation 10 on the surface 
regions of intrinsic silicon substrate 2 to isolate mono- 
15 crystalline silicon regions designated to be sites for field 
effect transistor devices is formed according to the pro- 
cedures described in relation to the FIGURE 1 through FIGURE 
12 embodiment. Like numbers are indicative of like struc- 
tures to the FIGURE 1 through FIGURE 12 embodiment. 

20 

A first insulating layer of silicon nitride 12 is deposited 
by chemical vapor deposition as described above. The thick- 
ness of the layer may be about 150 nm. Conventional litho- 
graphy and etching is utilized to pattern the silicon 

25 nitride layer 12 so as to open all active device areas, as 
shown in FIGURE 13. A silicon dioxide mask layer 44 is 
fo3:med on the surface of the active semiconductor area by 
means of chemical vapor deposition of silicon dioxide 
followed by standard lithography and etching techniques to 

30 form the silicon dioxide mask 44, as shown in the FIGURE 13. 
The preferred etching is by reactive ion etching to produce 
the substantially vertical sidewalls of the mask 44. The 
exposed silicon body 2 serves as the end point detector. 

35 Referring now to FIGURE 14, the process continues by re- 
active ion etching the silicon body 2 using the mask 44 in a 
FI 980 027 
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heat cycle to produce the structure of FIGURE 15. 

The mask 44 is removed by a suitable dipped chemical etching 
process. A conformal layer of silicon dioxide 22 of about 1 
micrometer in thickness is deposited over the structure by a 
standard chemical vapor deposition process as described 
above. The structure is then put in a directional reactive 
ion etching ambient which acts to remove the horizontal 
layer of the first conformal insulating silicon dioxide 
coating 22 and to provide narrow openings to the exposed 
surface of the monocrystalline silicon surface region of 
body 2 between the vertical surfaces of the insulating 
coating. An ion implantation of a suitable dosage of boron 
at low energy is made to obtain the P "short-channel" region 
15 24 at the exposed silicon surface, as shown in FIGURE 16, 

The silicon dioxide laask 22 is removed by standard dipped 
chemical etching to obtain the structure of FIGURE 17. A 
second conformal coating 26 is deposited on both the sub- 

20 stantially vertical and substantially horizontal surfaces. 
The thickness of the coating may be of the order of 0.5 
micrometers. Directional reactive ion etching is now 
utilized to substantially remove the horizontal layer and to 
provide a pattern of narrow dimensioned dielectric regions 

25 26 on the silicon body to produce the structure shown in 
FIGURE 18. 

The exposed surface of the monocrystalline silicon body 2 is 
thermally oxidized between certain of the narrow dimensioned 

30 regions to form the gate dielectric regions 28 for the 

integrated circuit. The gate dielectric oxide is preferably 
about 40 nm in thickness. A second layer of N+ doped 
polycrystalline silicon 30 is deposited by chemical vapor 
deposition as described above. Also as described above, the 

35 N+ doping may be incorporated into the polycrystalline 
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semiconductor, the field effect transistor of FIGURE 20 is 
bilateral or symmetrical, in that the source and drain can 
interchange their roles readily during circuit operation. 
The overlap capacitance of the gate electrode over the 
source/drain is near zero. The parasitic capacitance of the 
source/drain to substrate is diminished by the introduction 
of the dielectric layer of silicon dioxide 46. The only 
region for this tiny capacitance is the approximately 0.6 
micrometer lateral N+ diffusion 19. 
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Method for forming the structure as claimed in claims 
1 to 3, 

characterized by providing a silicon body (2) ; forming 
a highly doped first polycrystalline silicon layer (18) 
contiguous to said body in designated active device 
areas and dielectrically isolated from said body in 
other areas; forming a silicon nitride insulating layer 
(20) above the said polycrystalline silicon layer (18) ; 
forming openings in said silicon nitride layer (20) and 
said polycrystalline silicon layer (18) by reactive ion 
etching in the areas designated to be the gate regions 
of said integrated circuits which results in the struc- 
ture having substantially horizontal surfaces and 
substantially vertical surfaces with the surface of 
said silicon body exposed in the designated gate areas; 
outdiffusing using a heat cycle the said dopant from 
said polycrystalline silicon layer (18) into said body 
(2) to form the source/drain regions (19) for said 
field effect integrated circuit; forming a conformal 
insulating layer on both said substantially horizontal 
surfaces and said substantially vertical surfaces; 
reactive ion etching said conformal insulating layer to 
substantially remove said conformal layer from said 
horizontal surfaces, both from above the said poly- 
crystalline silicon layer (18) and said surfaice of the 
silicon body (2) exposed in the designated gate areas, 
and to provide said narrow dimensioned dielectric 
regions (26) on said silicon body (2) ; thermally oxi- 
dizing said surface of the silicon body exposed between 
certain of said narrow dimensioned regions to form the 
gate dielectric regions (28) for the said integrated 
circuits; foirming a highly doped second polycrystalline 
silicon layer (30) on the designated said gate dielec- 
tric regions (28) for said field effect transistor 
integrated circuits wherein said layer is the gate 
electrode for said circuits; removing the remaining 
980 027 
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monocrystalline silicon to form PN source/drain regions 
(19) therein; etching away said silicon dioxide mask 
(44) to provide substantially vertical and substantially 
horizontal surfaces on the structure and with openings 
to the surface of said monocrystalline silicon regions; 
depositing a first conformal insulating coating (22) 
on both said substantially vertical and substantially 
horizontal surfaces; reactive ion etching said first 
conformal insulating coating to substantially remove 
said first conformal coating from said horizontal 
surfaces and to provide narrowed said openings therebe- 
tween due to presence of said insulating coating on the 
vertical surfaces of said monocrystalline silicon 
regions; forming a short-channel region (24) through 
said narrowed openings; etching away said first con- 
formal insulating coating (22) on the vertical sur- 
faces; depositing a second conformal insulating coating 
(26) on both said substantially vertical and substan- 
tially horizontal surfaces; reactive ion etching said 
second conformal coating (26) to substantially remove 
said second conformal coating from said horizontal 
surfaces and to provide narrow dimensioned dielectric 
regions (26) on said silicon body; thermally oxidizing 
the stirface of said monocrystalline silicon between 
certain of said narrow dimensioned regions (26) to 
form the gate dielectric regions (28) for said inte- 
grated circuit; forming a highly doped second poly- 
crystalline silicon layer (30) on the designated said 
gate dielectric regions (28) for said field effect 
transistor integrated circuits wherein said layer is 
the gate electrode for said circuits; removing the 
remaining said first polycrystalline silicon layer (18) 
by reactive ion etching to leave the said narrow di- 
mensioned regions (26) and said second polycrystalline 
silicon layer (30) on said gate dielectric (28) on said 
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surface of said second polycrystalline silicon layer 
(30) are removed so that portions of said conductive 
layer (34) can make electrical contact to said gate 
electrode. 

10. Method of one or several of the claims 4 to 9, 
characterized in that the said forming a conductive 
layer includes depositing a layer (34) of aluminum 
over said narrow dimensioned regions (26) and areas 
in between, blanket depositing a plastic material 
(35) over the said aluminum layer (34) to planarize 
the surface, reactive ion etching the said plastic 
material (35) and said aluminum layer (34) until the 
tops of said narrow dimensioned regions (26) are 
reached and removing the remaining said plastic ma- 
terial (35) . 

11. Method of one or several of the claims 4 to 10, 
characterized in that said polycrystalline gate 
electrode (30) is electrically contacted on its 
edge by a conductive layer of the same material and 
formed at the same time as said conductive layer 
(34) for contacting said source/drain regions (19) . 

12- Method of one or several of the claims 4 to 10, 

characterized in that said polycrystalline silicon 
gate elctrode (30) is electrically contacted by a 
higher level metal electrical contact from above. 



FI 980 027 



f ( 



12 
10 



8- 




FI6.6 



1/ \ i 




IC 
8 




-20 
18 




FIG. 8 



FIG. 9 




34 

to 

8 



18- 
12- 



10-- 



22 




2' 



0043944 

4/4 



FI6.t6 



^ 46' I9:n* 19,N* ^46 



18- 
12- 

10- 



20 



r ' ^n Vl 2 



ir 24.P 

^ — !=£ 



ZD 



M6 




FIGJ7 




FIG.fS 



18 

12^ 
10 



20 



V 46 




FIG.19 




FIG. 20 



46- M9,N^~^ 



lou _ri noft ft07 



AUSTRALIAN PATENT OFFICE 
WRITTEN OPINION 





Date of mailing 
day/month/year 


2 0 FEB 2003 


Applicant's or agent's file reference 
552689SG:SDB:IRG 


REPLY DUE within FIVE MONTHS of the date of 
the Registrar's letter enclosing the written opinion 


Application No. 


Application Filing Date (day/month/year) 


Priority Date (day/month/year) 


SG 200102828-1 


12 May 2001 




15 May 2000 


International Patent Classification (IPC) (as indicated in the search report) 




Int. CI,'' HOIL 21/336, 29/78, 29/786 






Applicant 








INTERNATIONAL BUSINESS MACHINES CORPORATION 





1 . This First written opinion consists of a total of 4 sheets. 

2. This opinion contains indications relating to the following items:. 



I 




11 


□ 


III 


□ 


IV 


m 


V 


□ 


VI 


□ 


VII 


fxl 



citations and explanations supporting such statement 



3. This opinion is based upon the assun^tion that the priority claim is valid. 

4. The search report used was issued by the Australian Patent Office, and the dat^Sf <6liq)l^tioii]iy 14G0Pbruary 2003 

5. If no reply is filed, the examination report will be established on the basis of this opinion. 

6. The date by which the examination report will be established is: 15 August 2004 s ■ /jT 



Name and mailing address 


Authorized Officer 


AUSTRALIAN PATENT OFFICE 




PC BOX 200, WODEN ACT 2606, AUSTRALIA 




E-mail address: pct@ipaustralia.gov.au 




Facsimile no. 61 2 62853929 


F.C.PEARSON 



Fomi APO/SG/408 (Cover Sheet)(Feb 2000) 



AUSTRALIAN PATENT OFFICE 
WRITTEN OPINION 



Application No. 
SG 2001O2828-1 



1. 



Basis of the opinion 
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, as originally filed, 
, filed with the request, 
, received on with the letter of 
, as originally filed, 



sheets/fig. , filed with the request, 
sheets/fig. , received on with the letters of 
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sheets of drawings/figures No : 
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Claims 11,33,39 
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Industrial applicability (lA) Claims 1-43 
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2. Citations and explanations 




Noveltv (N) and Inventive Steo (ISY. 




The independent claims are claims 1,11,21, 33. The invention relates to manufacturing the two gate electrodes 
of a dual gate MOSFET independently so that the gates can be electrically separated and made of different 
matenals and thicknesses and so on. The independent claims are directed to various aspects of this concept and 
are therefore directed to the same invention. 


Claims 1 1, 33 and 39 are disclosed in US patent 5818070. This shows a thin film transistor with two gates made 
independently and of different materials. Therefore claims 1 1, 33 and 39 are not novel and not inventive. 


The remaining claims appear to be novel and inventive. The citations US 5818070 (column 13 lines 9-12) and 
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The invention clearly has industrial applicability. 
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and are not fairly based. 



2. Claim 33 does not define the invention since it does not state that the two gate electrodes are "above" and "below" 
each other. See for example page 1 paragraph 1, "top and bottom gates". 
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